Claviceps purpurea infects the seed heads of cereal grains and grasses and produces ergopeptine alkaloids that cause hyperthermia and agalactia in cattle during periods of heat stress. A field experiment was undertaken to examine the effects of ergopeptine alkaloids found in barley on thermal status of dairy cattle during periods of heat stress. Production end points were also measured to identify the effect of the change in thermal status. Contaminated barley screenings containing known levels of ergopeptine alkaloids were fed to lactating Holstein cattle (10 g total ergopeptine alkaloids/kg BW/day) for 10 days during summer heat stress. Air temperature increased 14.4 C during the first 8 days of treatment and then declined the same during the last 2 days. Extreme daily values for rectal temperature and respiration rate, using averages of all animals, showed maximum increases of 2.3 C and 56.8 breaths/minute, respectively, during this period. Group afternoon milk production decreased 2 kg/day during the heat stress period, with no measurable change in feed intake. A greater level of hyperthermia occurred in cattle consuming the diet with ergopeptine alkaloids, with only marginal symptoms of ergot toxicosis reflected in feed intake and milk production. Therefore, the ergopeptine alkaloid dose used in this study represents a level for minimal induction of the ergot toxicity response.
In 1996, Northeast Iowa farmers grew approximately 9,000 acres of barley anticipating an early harvest that would offset corn shortages in the area. Beginning in the last week of August, several herds of dairy cattle in Northeast Iowa and Southwest Wisconsin began showing signs of illness after being fed the locally grown barley as a significant part of their diet. Clinical signs observed in the cattle were reduced feed consumption, marked decrease in milk production, hyperthermia (103-107 F or 39.4-41.7 C), open-mouth breathing, and lameness. Feedlot cattle on similar barley-containing rations also had above-normal core body temperature and open-mouth breathing. Hyperthermia and agalactia observed in these dairy cattle were similar to an ergot-induced syndrome reported in Australia. 18 Examination of the barley revealed a heavy infestation with ergot. Weather conditions earlier in the growing season had been ideal for the development of ergot, and as many as 200,000 bushels out of an estimated 500,000 bushels of barley produced in Northeast Iowa in 1996 may have been infected with ergot. The question that arose immediately from this issue was what level of ergot contamination could be safely fed to lactating cows. Because of the necessity to use the contaminated barley for feedstuff, means of reducing the ergot content were investigated and eventually large shaker tables were used to mechanically remove the majority of the ergot from the contaminated barley (up to 3% in some samples) to levels of less than 0.1% ergot.
Ergot is the common name for Claviceps purpurea, which infects the seed heads of cereal grains (wheat, barley, rye, oats, and triticale) as well as pasture (fescue) and wild grasses. The fungus produces sclerotia (ergot bodies), which are readily identified as dark purple or black bodies slightly larger than the seed itself. Infection occurs during inflorescence and seed maturation, giving rise to ''ergot bodies.'' Milling practices and sample grading have eliminated the potential human risk of ergot, however, low levels of ergot contamination occur in human cereal grain consumables. 24 Outbreaks of ergotism continue to occur in cattle, 3, 7, [10] [11] [12] 15, 16, 18, 20, 23, 27 swine, 2, 4, 6, 8, 14, 17 and horses 19 in a number of countries including the United States. Incidence is most often associated with grazing pasture grasses heavily infected with C. purpurea or consuming ground or pelleted feedstuffs that have incorporated ergot-contaminated cereal grains or screenings.
During cold weather, clinical signs of ergotism in cattle are characterized by reddening and swelling of the extremities, followed by lameness, which, if allowed to proceed, often results in necrosis and dry gangrene of the extremities with loss of feet and ear or tail tips. 7, 16, 27 During warm weather, a summer hyperthermia syndrome is associated with cattle ingest-ing ergot-contaminated feedstuffs. 12, 14, 20, 23 This problem is accentuated when animals are exposed to excessive heat stress or the physical force/effect of the hot environment. The outcome is heat strain, as evidenced by hyperthermia and elevated respiration rate (RR), water intake, and urination. 20 The hyperthermia/ heat intolerance form of this condition affects animal performance because of diminished dry matter intake (DMI), which ultimately reduces average daily gain. In addition, declines in milk production, reproductive performance, and neuroendocrine imbalances have been reported. Increases in body heat content of cattle exposed to ergopeptine alkaloids are due to persistent peripheral vasoconstriction that lowers convective cooling required to dissipate excess body heat during heat stress. The symptoms are similar to those in cattle that arise from grazing endophyte-infected tall fescue (commonly called summer slump or fescue toxicosis). 9 Traditionally, quantitation of ergot contamination in grain has been on a weight-weight basis and expressed as percent ergot bodies (sclerotia) by weight. In general, levels of ergot bodies in grain below 0.1% have been considered safe for livestock. However, the problem that arises is that the concentration of active ergopeptine alkaloids in ergot bodies varies greatly, anywhere from 0% to 1% by weight, and in partially ergotized grains, the ergot body never emerges from the reproductive portion of the plant. A review of the literature reveals that dosages in past toxicity feeding trials with ergotized grain have been based solely on percent weight of ergot bodies. The recent availability of ergot standards and development of routine methods of analysis allow for the quantification of the ergopeptine alkaloids in feedstuffs. 21 Most studies of this type measure ambient conditions and attempt to predict animal production (e.g., feed intake and milk production), which often results in high variability. In fact, ambient conditions affect animal thermal status that, in turn, drives production. The primary objective was to determine the relationship between summer heat stress and thermal status of dairy cattle consuming a diet containing ergopeptine alkaloids. A secondary objective was to determine if the induced thermal strain was of sufficient magnitude to reduce animal production.
Materials and methods
Contaminated barley screenings from the cleanup process of the Iowa incident were bagged, stacked on skids, and shipped to the Animal Sciences Unit, University of Missouri-Columbia, Columbia, MO. Samples of the barley screenings from each bag were ground and subsampled, and the ergopeptine alkaloids were quantified by high-performance liquid chromatography. 21 Unground barley screenings were used for the feeding study to more closely simulate regular feeding conditions.
Lactating Holstein cows (average body weight ϭ 588 Ϯ 28 kg) were used at the Foremost Dairy Farm, located at the University of Missouri-Columbia. The study was initiated during the warmest period of the summer for midwest United States (i.e., July 10). Animals were randomly assigned to 1 of 2 treatment groups (n ϭ 5 per group) and initially fed a standard diet for a 5-day baseline period. After this period, animals either remained on the standard control diet or on the same diet plus barley seed infected with C. purpurea (10 g ergopeptine alkaloids/kg BW/day). Previous experiments had shown concentrations as low as 5-7 g ergopeptine alkaloids/kg BW/day elicited symptoms of hyperthermia in beef cattle. 1, 5 A level of 10 g ergopeptine alkaloids/kg BW/ day was adopted in the current experiment and presumed sufficient to cause hyperthermia. The treatment period lasted for 10 days. During the entire period, ambient temperature (T a ) was recorded hourly using a datalogger. a Both T a and percent relative humidity also were recorded during data collection sessions using a digital hygrometer thermometer b to calculate the temperature-humidity index 26 
; RH ϭ relative humidity in decimal form) and identify the thermal environment near the animals. Cows were adapted to electronic feeding gates c before initiation of the study. Diets were mixed and fed 2 times daily (i.e., ϳ10:00 AM and 04:00 PM). Daily feed weights and feed refusal weights were recorded, and DMI was calculated. Barley seeds were spread on top of the morning meal to ensure total consumption. Milk production measurements were taken at 08:00 AM and 08:00 PM. Animal thermal status was measured and recorded 4 times daily (04:00 AM, 08:00 AM, 04:00 PM, and 08:00 PM) with measurements of RR (breaths/min) and rump (T rump ), tail (T tail ), and rectal temperatures (T re ). Skin temperatures were measured using an infrared heat gun, d and T re was recorded using a stainless steel thermistor probe e and digital temperature recorder. f Cows were placed in treatment groups using a complete randomized design. Statistical analyses were performed using the general linear models of SAS. 22 All daily parameters were analyzed by split-plot analysis of variance (ANOVA) for repeated measures. Treatment effects were included in the main plot, and animal within treatment was used as the error term. Time and treatment by time interactions were included in the subplot. A Tukey-Kramer multiple comparisons test 25 was performed at ␣ ϭ 0.05, when ANOVA revealed a significance difference in means. All data are reported as least square means Ϯ SE. Significance level was preset at P Յ 0.05 for all analyses.
Results
Significant change in mean daily T a (i.e., an indicator of environmental thermal stress) occurred during the study period (P Ͻ 0.0001) ( Fig. 1) , with a rise in average daily T a from 25.30 C on day 1 to 29.10 C on day 12. A more complete view of thermal stress is shown by the extremes of hourly T a that extended from mean low points at 1-2 (19.60 C), 6-8 (20.60 C), and 14-15 (20.80 C) days to mean high points at 9-13 days (34.80 C). Likewise, mean daily values for T a and THI ( Fig. 1 ) increased (P Ͻ 0.05) from 25.80 to 30.00 and 77.7 to 83.2, respectively, as the study progressed from days 2 to 11. There also were daily changes in T a throughout the entire test period, with values at 12:00 to 07:00 AM being significantly less than those at 09:00 AM to 09:00 PM (P Ͻ 0.05). Lowest T a occurred at 06:00 AM and highest at 04:00 PM.
Mean skin temperature, calculated using all animals in the study, increased ( Fig. 1 ; P Ͻ 0.05) with T a from day 5 to days 10-11. This increase for T rump and T tail was from minimum values of 32.30 C and 31.90 C to maximum values of 37.80 C and 37.10 C, respectively. Circadian differences (P Ͻ 0.05) in T rump and T tail occurred throughout the test period with lower values at 04:00-08:00 AM (33.92 C-T rump ; 33.34 C-T tail ) and higher values at 04:00-08:00 PM (35.41 C-T rump ; 34.88 C-T tail ). Neither T rump nor T tail exhibited significant treatment differences (P Ͼ 0.05) before treatment ( Table 1 ). In addition, both T rump and T tail exhibited no treatment (P Ͻ 0.32-0.77) or treatment by day (P Ͻ 0.97-0.99) effects.
Thermal input (T rump and T tail ) and output (RR and T re ) were linearly correlated with T a (P ϭ 0.0001) in both groups. In every case, both the correlation coefficients and the slope of the relationships with T a were higher for the barley treatment group. An increase in mean T re for both groups combined occurred during the test period, from a low pretreatment baseline level of 39.02 C at 1-4 days to a high point of 40.09 C on day 12. Significant increase in T re from baseline level (P Ͻ 0.05) was first seen on day 9 and continued through day 13 (Fig. 2) . This was primarily due to a change in T re of the barley treatment group that was significantly different from the control group (P Ͻ 0.05), beginning on day 9 and continuing through day 13. In contrast, the control group only exhibited a significant increase (P Ͻ 0.05) on day 12, during peak heat (Fig. 1) . A comparison of absolute T re values for both groups showed no significant differences (P Ͼ 0.05) during pretreatment (Table 1) or treatment periods. However, a comparison of maximum daily T re across treatment over the 10-day treatment period showed a significantly higher T re (P ϭ 0.048) for the barley group (39.70 C) than the control group (39.56 C). Such differences were not seen with a comparison of minimum daily T re at P Յ 0.05. Circadian differences (P Ͻ 0.05) in T re were also noted during the entire test period, with the low value (39.10 C) occurring at 04:00-08:00 AM and the high value (39.54 C) at 04:00-08:00 PM.
Mean change in RR increased (P Ͻ 0.05) during the treatment period from a low level of 59.30 breaths/ minute on day 6 to a peak of 79.53 breaths/minute on day 10, which was the equivalent of a 20.23-breaths/ minute difference in change from baseline levels (Fig.  3 ). Mean change in RR dropped (P Ͻ 0.05) to 52.25 breaths/minute (i.e., below pretreatment level) by day 15 as a result of the decrease in ambient thermal stress ( Fig. 1 ). No significant difference (P Ն 0.05) in RR of treatment groups was noted at any time during the test period. Mean change in RR during the entire test period was significantly different (P Յ 0.05) at different times of day, with a low level (65.69 breaths/minute) at 04:00 AM to 04:00 PM and a high level (73.72 breaths/minute) at 08:00 PM.
Average feed intake was not significantly different between groups before treatment ( Table 2) . Feed intake decreased from the pretreatment level to 22.14 and 22.09 kg/day/animal on day 14 for control and barley groups, respectively. This response is shown in Fig. 4 as the change from pretreatment level. The value on day 14 was significantly less than that on day 6 or 7 (P Յ 0.05) and might be due to a delayed response to the peak heat stress experienced several days earlier. Day by treatment effects on feed intake for absolute and relative changes to baseline (Fig. 4 ) were both at P ϭ 0.37.
There were no group differences in morning or afternoon milk production values before initiation of treatment ( Table 2) . Averaged values for all animals in the study showed significant change in morning milk production during the treatment period (P Յ 0.0001), with the largest reduction from baseline level of 15.43 kg/day occurring on day 8 (12.94 kg/day; P Յ 0.05) (Figs. 5, 6) . Although afternoon milk production showed a significant day effect (P ϭ 0.05) and decreased from a baseline level of 16.09 to 13.77 kg/ day on day 9 (Fig. 6) , comparisons with baseline values showed no significant change (P Ͼ 0.05) at any time during the treatment period. There was no treatment effect on either morning or afternoon milk production levels for either absolute or relative change from baseline values (P ϭ 0.19-0.91). Although there was a day by treatment effect for both values for morning and afternoon milk production levels (P ϭ 0.04-0.05), there was no reliable change from baseline level to attribute to either heat stress or treatment effects.
Discussion
Heat stress was accomplished during the experiment as indicated by the THI range of 75.4-87.9 during this period, which is well above the THI level of 70 that results in a progressive increase in hyperthermia and concomitant reductions in feed intake and milk production for Holsteins. 13 Direct thermal strain and input to the cows was determined from measurements of T rump and T tail . Skin temperature results indicate that there were no biologically significant differences in thermal input into the animals in each group during the test period. However, the relationship between ambient stress and animal thermal status was different for the test groups. The higher correlation coefficients and slope of the barley over the control groups suggest a greater effect of ambient stress on the barley group. Likewise, the barley group displayed a significantly higher maximum daily T re than the control group, suggesting that the barley group was more sensitive to heat stress than the control group. It is likely that the increase in the T re of the barley group was due to a diminished ability to dissipate excess body heat at the periphery, as noted for cattle consuming endophyteinfected tall fescue. As shown in Fig. 1 , skin temperatures did not increase in hyperthermic barley-treated animals to compensate for the increased thermal load. Doses of 5-15 g ergovaline/kg BW/day are reported to produce hyperthermia in beef cattle exposed to heat stress. 1, 5 Unlike T re , there was no change in RR from pretreatment level during the treatment period (P Ն 0.05). This is likely because RR is more variable than T re and does not reflect the accumulated thermal load that was indicated by core temperature.
Although it was evident the relationship between ambient stress and animal thermal status was affected by the barley treatment, there was less indication of an effect on the relationship between thermal status and productivity. Absence of day by treatment interaction indicated no effect of the barley treatment group at 10 g ergopeptine alkaloids/kg BW/day on dry matter consumption by dairy cattle during exposure to heat stress. Similarly, morning milk production was not significantly different between the 2 treatment groups. For the majority of the test period, afternoon milk production levels for barley and control treatment groups paralleled each other. However, the reduced level of milk production for the barley treatment group that occurred on day 9 remained in place during the experiment. In contrast, the control group exhibited a recovery (Fig. 6 ). These differences were not significant but suggested that the earlier hyperthermia experienced by the ergot alkaloid treatment group (Fig.  2) might eventually result in a depression in afternoon milk production level.
Lactating Holstein cows ingesting 10 g ergopeptine alkaloids/kg BW/day for 10 days during summer heat stress displayed an increase in core temperature sensitivity as an initial symptom of ergot toxicity. It is likely, however, that the difference in thermal status was not of sufficient magnitude to affect productivity because these end points (i.e., feed intake and milk production) were not significantly altered by the barley treatment. The barley treatment group, however, exhibited no recovery of afternoon milk production with a reduction in heat stress toward the end of the study. It is possible that exposure to this level of ergopeptine alkaloids for a longer duration could have a cumulative effect on milk production.
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